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Assessment of radioactive elements in the residential area is very important from different
points of view especially for human health. The aim of present survey was focused on
determining the current radon exhalation rate and radium concentration in soil samples
collected from some areas of the Ganderbal district, Jammu and Kashmir, India. “Can
technique” has been employed for the measurement of radon exhalation rate and radium
concentration in soil samples collected from under study areas. The Uranium concentra-
tion in these soil samples where estimated by using the fission track registration technique
(using LR-115 plastic track detectors).The uranium concentration was found to varies be-
tween 2.03 and 3.52 ppm. The radon exhalation rate in these samples has been found to
vary from 5.05 to 21.89 m Bq kg1 h1. Radium concentration in soil samples varies from
6.43 to 18.89 Bq kg1. The calculated values of Uranium concentration in these soil/rock
samples are quite lower than the risk level. Radon and radium values found in these
samples are also lower than that of optimum value. Hence these areas can be considered as
risk free zones from human health point of view.
Copyright ª 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction
The Knowledge of natural radionuclides concentration levels
in soil and their distribution in the environment is of great; fax: þ91 1942403470.
om (S.A. Rather).
ptian Society of Radiation
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iety of Radiation Sciencesinterest in several fields of science (El-Aydarous, 2007). Natu-
ral radionuclides in soil are responsible for the background
radiation exposure to the population. The terrestrial compo-
nent of the natural background is dependent on the compo-
sitions of the soils and rocks which contain naturalSciences and Applications
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ical aspects, mainly on rocks and soil where they are found in
varying concentrations (dos Santos, Cardoso, da Silva,
Silveria, & Amaral, 2005; Tzortzis & Tsertos, 2004). According
to the United Nations Scientific Committee on the Effects of
Atomic Radiation, [UNSCEAR] (1993), the world mean dose
from natural radiation sources of normal areas is estimated to
be 2.4 m Sv y1, while that for all man-made sources,
including medical exposure, is about 0.8 m Sv y1 (Ahmad
et al., 2014; Ghiassi-Nejad, Beitollahi, Fallahian, Amidi, &
Ramezani, 2004; Tzortzis & Tsertos, 2004). Thus 70% of the
radiation dose received by human population is from natural
radiation sources.
Natural radioactivity is wide spread in the earth’s envi-
ronment and it exists in various geological formations like
soils, rocks, plants, sand, water and air. Hence, humans
should beware of their natural environmentwith regard to the
radiation health effects. Some of the radiation health effects
are chronic lung diseases, acute leucopoenia, anemia and
necrosis of the mouth. Thorium exposure can cause lung,
pancreas, hepatic, bone, kidney cancers and leukemia (Taskin
et al., 2009). Therefore nowadays, human exposure to ionizing
radiation is one of the scientific subjects that of natural origin
is responsible for most of the total radiation exposure of the
human population. Many areas in the world such as Australia,
Brazil, China, India, Iran, Japan, etc., possess high levels of
natural radiation. In the recent years, studies on the high
background radiation areas in the world have been of prime
importance for risk estimation due to long term low-level
whole body exposures to the public. The high radiation
levels are due to the presence of large quantities of naturally
occurring radioactive minerals in the rocks, soils, sediments,
etc. (Singh, Shanker, Neelakandan, & Singh, 2007).
The origin of Terrestrial radiation is due to radioactive
nuclides present with different concentrations in soil, build-
ing materials, water, rocks and of course in atmosphere as
well. Among the list, uranium is found everywhere. Uranium
decay and become source of 226Ra and 222Rn. However, Radon
isotopes are decay products of radium in the uranium decay
series. Being an inert gas, radon can spread through the soil
and enter the atmosphere. Since radium is a solid radioactive
element, which decays to radon, with emission of alpha par-
ticles followed by gamma radiation. Hence, the concentration
of radium determines concentration of radon atoms. There-
fore, measurements of radon thus, facilities the need for
uranium and radium estimation in the parent source for
public health risk assessments. Uranium is spread all over the
earth but with varied concentrations. Since Soil and rocks are
used as, main building materials and possibility of its
contamination with some radioactive nuclides such as
thorium and uranium that occur in the Earth’s crust are at
good chance (Adams, 1962; Greyh & Lorch, 1964). Building
materials can cause significant gamma dose indoors, due to
their natural radionuclide contents (Ravisankar et al., 2012;
Sentilkumar et al., 2013).
There are good reports on analysis of rock samples for
uranium point of view (Azam & Prasad, 1989; Coopens &
Bernard, 1978; Grutt, 1972; Jojo, 1993; Jojo, Rawat, & Prasad,
1994; Wright & Shulhof, 1957). In north part of India, mea-
surements of uranium, radium concentrations and radonexhalation rate have been carried out in some areas of Punjab
(Bajwa, Sharma, Walia, & Virk, 2003; Singh, Singh, Singh, &
Bajwa, 2008) and Himachal Pradesh (Sharma, Kumar, Kumar,
& Singh, 2003; Singh, Malhotra, Kumar, Singh, & Singh, 2001;
Singh et al., 2007). Hence in this study, a survey has been
carried out for the first time for the measurements of ura-
nium, radium concentrations and radon exhalation rate in soil
samples from the Upper reaches of Ganderbal district, Jammu
and Kashmir, India. The main target of the present work is to
explore the possibility of uranium and consequently health
risk measures due to uranium and radium in the under study
area.2. Geology of the area
Jammu and Kashmir is home of famous Valleys and moun-
tains. Great Himalayas divide the Kashmir valley from
Ladakh, while the Pir Panjal range, which encloses the valley
from thewest and the south, separates it from the Great Plains
of northern India. The Jammu and Kashmir state lies between
32.1700 and 36.5800 north altitude, and east to west, the state lies
between 73.2600 and 80.3000 longitude. The Ganderbal district is
located in the Himalayas, and the terrain is mostly moun-
tainous. It lies at 346100 N747800 E. It is situated at a distance of
23 km from summer capital Srinagar, on the SrinagareLeh
National Highway. The famous river Sindh flows through this
district. The famous lake-Anchar andManusbal also lie in this
historic district. The famous silk route also lies in this district.
This district is hub of many tourist spots, which contains
famous meadows, springs, gardens. Baramulla-Bandipora
bounds the district in the west, Srinagar in the southwest,
Kargil (via famous Jozilla pass in the North) and Anatnag (via
ThajvaseSonomargeBaltal area) in the southeast. Most of the
building materials like soil, sand, bolder, stone etc are expor-
ted from district to other districts.3. Materials and methods
3.1. Experimental techniques
3.1.1. Estimation of radium and radon exhalation rate in
geological samples
The can technique (Abu-Jarad, 1988; Alter & Price, 1972; Baruah,
Deka, & Rahman, 2013; Somogyi, 1990, pp. 229e256) was
employed for the measurement of radon and radium exhala-
tion rate in collected soil samples fromdifferent villages of the
area. First of all soil samples dried and made in powdered
form. In order to achieve the equilibrium, these fine powder
(250 g) of the soil samples were placed and sealed in different
glass bottle of 1 L capacity each for 45 days. After 45 days, LR-
115 type 2 plastic track detectors are fixed on the top inside the
glass bottles. The bottles were then sealed and left as such for
90 days. The lower sensitive part of the detector was exposed
so that it recorded a-particles from the decay of radon. After
exposure, the detector was removed and then etched in 2 N
NaOH solution at 50 C for 3 h using a constant temperature
bath. The track densities (Tracks cm2) were counted using an
Olympus microscope at a magnification of 400X.
Table 1 e Values of uranium content radon and radium,
exhalation from soil samples of the Ganderbal district,
Jammu and Kashmir.
Locations Uranium
concentration
in soil/
rock samples
(ppm)
Radon
exhalation
rate
(m Bq
kg1 h1)
Radium
concentration
(Bq kg1)
Astaan 3.22 14.76 12.40
Darend 3.14 11.22 13.20
Tullahbagh 3.52 21.89 18.89
Gangerhama 3.40 21.41 18.44
Whidpora 3.03 21.01 18.03
Watalbagh 2.65 06.44 07.79
Gratabal 2.56 06.34 07.62
Zazuna 3.10 10.09 13.12
Arhama 2.75 13.65 14.57
Wusan 3.46 13.40 11.21
Kichpora 3.47 21.45 11.57
Akhall 2.45 10.46 14.05
Cherawan 2.66 05.56 06.68
Mammar 2.05 05.05 06.43
Gund 2.79 10.07 12.56
Kulan 2.16 09.43 11.87
Wanghat 3.12 12.34 13.78
Sonomarg 3.42 13.78 12.78
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(can technique) (Qureshi et al., 2001):
CRA ¼ rHA=KTEM (1)
where CRA is effective radium content of the given sample
(Bq kg1),M ismass of the sample (250 g),A is area of the cross-
section of the bottle (7.55 103 m2),H is distance between the
detector and the top of the sample (0.153 m), K is sensitivity
factor (0.0245 tracks cm2 d1 per (Bq m3), TE is effective
exposure time.
Here TE related with the actual exposure time t and decay
constant l for 222Rn with the relation:
TE ¼ T 1=l 

1 elT (2)
The radon exhalation rate in terms of mass is calculated as
(Khan, Prasad, & Tyagi, 1992; Singh, Singh, Singh, & Virk, 1988;
Subba Ramu, Muraleedharan, & Ramachandran, 1988):
EM ¼ CVl=M

Tþ 1=l  elT  1 (3)
EM is radon exhalation rate in terms of mass (Bq kg
1 h1),
V the effective volume of air in Can, A the area covered by Can
(m2),M is mass of the soil sample (kg), T the exposure time (h),
C the integrated radon exposure as measured by LR-115 de-
tector (Bq m3 h). For the conversion of track density into
radon concentration (Bq m3), a calibration constant of
4.8  102 tracks cm2 day1/WL of radon at equilibrium was
used (Fleischer, Price, & Walker, 1975; Shoeib & Thabayneh,
2014).
3.1.2. Uranium estimation from soil samples
In order to estimate the uranium content in soil samples, the
fission track technique was used (Azam & Prasad, 1989;
Fleischer et al.,1975; Jojo et al., 1994; Singh et al.,1988; Singh,
Singh, Sandhu, & Singh, 1999). Firstly, a soil/rock was
crushed into fine powder (using mortar and pestle) and then
mixed with binder Poly vinyl chloride. Then small and thin
pellets of these geological samples from different areas were
made using a hydraulic pelletizer. These pellets were encap-
sulated in an aluminum file and then were placed between
lexan plastic track detector discs and irradiating them with
thermal neutrons at the Bhaba Atomic Research Centre
Mumbai, India, with a thermal neutron dose of about 1  1015
(nvt) in a Cirus Reactor. The fission fragments resulting from
(n,f) reaction in 235U are recorded by lexan plastic track de-
tectors kept in contact with the soil as well as with rock
samples and the standard material (Fischer glass). Finally was
etching in 6.25 N NaOH solution at 60 C for 50 min, the
developed fission tracks were counted by using an optical
microscope at a magnification of 400X. However, Uranium
concentration was calculated using the relation (Fleischer
et al.,1975):
Cx ¼ Cs  ðrx=rsÞ  ðIs=IxÞ  ðRs=RxÞ (4)
where rx and rs represent the fission track density for sample
and standard material, respectively (Fischer glass, U concen-
tration is 20 ppm), Ix and Is are the isotopic abundance ratios of
235U to 238U in the unknown and standard samples, respec-
tively, R means range of fission fragments (mg cm2). The
quantities Is/Ix and Rs/Rx are correction factors applied whenthe composition of the sample and the standard are different.
The ratios Is/Ix and Rs/Rx have been taken as unity, this we did
as it is assumed that the isotopic abundance ratio is the same
for the sample and the standard (Singh et al., 1999).
After the modifications, above equations becomes:
Cx ¼ Cs  ðrx=rsÞ (5)
The detection limit and precision of uranium determina-
tion by the fission track technique are reported to be 0.05 ppm
and 5e10%, respectively (Fleischer et al.,1975).4. Results and discussion
The values of radium and radon exhalation rate and uranium
content determined in soil samples collected from different
locations of the Ganderbal district, Jammu and Kashmir, are
shown in Table 1. Unusual variation is seen in the estimated
values with area. High concentration of uranium is seen in
Tullahbagh area, possible reason may be rain water takes
away soil and sand from high altitude of mountains (Hima-
layan) via river Sindh and their it forms a delta of that river.
Further, another high value of uranium concentration is also
seen at Kichpora area of Kangan tehsil of the same district.
The possible behind this is again the water tributaries falling
through the foothills of present mountains in the area under
study.
Figs. 1 and 2 show the graphs between uranium concen-
tration and radium as well as uranium concentrations and
radon exhalation rates in soil samples of the under study area.
A positive with weak correlation has been observed between
uranium concentration and radon exhalation rates in soil
samples (see Fig. 1). A similar trend has been obtained be-
tween uranium and radium content of the soil (Fig. 2).
Fig. 1 e Uranium vs. radium concentration.
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the samples is more, an offshoot of radium and radon exha-
lation rates have also been observed to be high in these
samples, indicating, as expected, a positive correlation be-
tween them.
In the present investigation, the observed values of radium
in soil samples are quite less than the optimum value of
370 Bq kg1 (OECD, 1979) and very lower than those reported
for the soil of the Rajasthan area (Mittal et al.,1998, pp.
268e274; Nageswara Rao, Bhati, Rama Seshu, & Reddy, 1996).
However, the observed values of radium content in soil are
quite lower than that in the soils of Aligarah, Dhanbad Jasil-
mar and Tehri areas, but are higher than those reported in the
soils of Ooty etc. areas (Kamath, Menon, Shukla, Sadasivan, &
Nambi, 1996; Mishra et al.,1971; Ramachandran, Eappen, Nair,
Mayya, & Sadasivan, 2003, pp. 1e61; Sadasivan & Shukla, 2001;
Sadasivan, Shukla, Chinnasakei, & Sartandel, 2003). The
values of uranium concentration are somehow below the
recognized safe limit and are not good from an extraction
point of view. Thus, the results reveal that the area is safe asFig. 2 e Uranium concentration vs. radon exhalation rate.far as the health hazard effects of uranium and radium are
concerned. In addition, the observed values of uranium,
radium and radon exhalation rate in the investigated samples
are in general less or comparable to those reported in the
adjacent areas of the North-West Himalayas (Singh et al.,
2001; Singh, Shanker et al., 2007) and on the foothills of the
North-West Himalayan region (Bajwa et al., 2003; Singh et al.,
2008).However, these values are quite lower than those re-
ported in some areas of Himachal Pradesh (Singh et al., 2001;
Singh, Kumar, & Singh, 2005) and the possible reason for
this may be due to the existence of uranium mineralization
(Kaul, Umamaheshwar, Chandrasekaram, Deshmukh, &
Swarnkar, 1993; Narayan Dass, Parathasarthy, &Taneja,
1979; Sharma, Sharma, & Basu, 2002) as well as the presence
of the active faults and lineaments (Ramola, Sandhu, Singh,
Singh, & Virk, 1989; Singh et al., 2005) present in these areas.
This observed value is quite lower than other areas despite
being the part of Himalayan zone (Rafique et al., 2010, 2011;
Ramola et al., 2008; Singh, Sharma, Dhar, & Randhawa, 2006).5. Conclusion
LR-115 plastic track detectors have been used for the mea-
surement of radon exhalation rate and radium concentration
in soil samples collected from some villages of the Ganderbal
district, Jammu and Kashmir, India. Radium concentration in
soil samples varies from 6.43 to 18.89 Bq kg1, whereas ura-
nium concentration varies from 2.03 to 3.52 ppm. The radon
exhalation rate in these samples has been found to vary from
5.05 to 21.89 m Bq kg1 h1. Uranium concentration was
estimated in these soil samples by using the fission track
registration technique. The work is undertaken for health risk
assessments due to uranium and radium in the study area. A
positive correlation has been observed between uranium and
radium, as well as uranium and radon exhalation rate in soil
samples. The values of radium and radon exhalation rate in
soil samples of the study area are substantially lower than
those in the areas known for uranium mineralization.
Therefore, the use of these geological samples for construc-
tion activities is considered safe. The results reveal that the
area is safe as far as the health hazard effects of uranium and
radium are concerned.r e f e r e n c e s
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